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ABSTRACT 


This  study  investigated  the  possibility  of  using  the 
high  school  record  and  standardized  test  scores  as  predictors 
for  success  in  the  Electronic  Technology  program  at  the 
Northern  Alberta  Institute  of  Technology.  In  particular,  it 
studied  the  influence  of  the  entrance  requirements  and  the 
kinds  of  high  school  preparation  on  success  in  the  program, 
the  entrance  requirements  being  a  high  school  diploma  or  its 
equivalent  with  minimum  standings  in  Mathematics  and  Science. 

The  predictor  variables  were  high  school  Mathematics, 
Physics,  and  average  and  the  two  scores  in  Numerical  Ability 
and  Verbal  Reasoning  from  the  Differential  Aptitude  Test 
battery.  The  criterion  variable  was  the  Electronic  Technology 
graduating  average.  The  program  had  three  types  of  entering 
student,  designated  as  pretechnolog^j,  vocational,  and  academic 
students . 

The  sample  was  made  up  from  the  graduating  classes 
in  Electronic  Technology  for  three  consecutive  years.  A 
standardizing  subsample,  based  on  half  the  sample,  was  used 
to  establish  a  set  of  prediction  equations.  A  cross- 
validation  subsample,  based  on  the  other  half  of  the  sample, 
was  used  to  check  them. 

To  study  the  influence  of  the  kind  of  high  school 
preparation  on  success  in  the  program,  the  mean  technology 
graduating  averages  were  found  for  the  pretechnology,  the 
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vocational,  and  the  academic  students  forming  the  sample  and 
the  differences  in  the  means  were  checked  for  significance. 

Results  of  the  study  showed  that: 

1.  It  was  possible  to  predict  the  graduating  average 
of  vocational  and  academic  students  in  the  Electronic  Technology 
program  on  the  basis  of  the  high  school  record  alone,  as 
represented  by  high  school  Mathematics,  Physics,  and  average, 
but  it  was  not  possible  to  make  predictions  for  pretechnology 
students  or  for  students  in  general  on  this  basis. 

2.  Prediction  was  improved  when  standardized  test 
scores  in  Numerical  Ability  and  Verbal  Reasoning,  as  well  as 
the  high  school  record,  were  used  as  predictor  variables.  It 
was  possible  to  predict  the  graduating  average  of  pretechnology, 
vocational,  and  academic  students  in  the  program  either 
separately  or  jointly  with  the  use  of  appropriate  five- 
predictor  equations. 

3.  It  was  not  possible  to  discriminate  between  the 
suitability  of  the  three  types  of  high  school  preparation 
that  serve  as  admission  requirements  for  the  Electronic 
Technology  program. 
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CHAPTER  I 


THE  PROBLEM 

I .  INTRODUCTION 

It  is  commonly  assumed  that  successful  college 
achievement  has  certain  prerequisites,  including  mental 
ability,  adequate  academic  background,  and  motivation.  In 
recognition  of  this,  most  colleges  make  entrance  to  a  program 
conditional  upon  a  satisfactory  high  school  record  and/or 
acceptable  scores  in  standardized  tests. 

The  establishment  of  minimum  admission  requirements 
assumes  that  the  high  school  record,  amongst  other  things, 
will  serve  as  a  predictor  for  success  in  more  advanced  work. 
How  well  this  will  predict  future  success  in  a  particular 
program  has  been  the  subject  of  many  studies.  This  study 
examined  the  relationship  between  the  high  school  record  and 
success  in  an  engineering  technology  program,  namely 
Electronic  Technology. 

Admission  requirements  for  the  Electronic  Technology 
program  at  the  Northern  Alberta  Institute  of  Technology  are, 
and  have  generally  been,  a  high  school  diploma  or  its  equiva¬ 
lent  with  50%  or  better  in  Grade  XII  Mathematics  30,  32,  33 
or  36  plus  40%  or  better  in  a  Grade  XII  science  subject, 
preferably  Physics  (NAIT ,  1971) . 

In  this  study,  the  high  school  record  was  that  of  any 
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student  who  held  a  high  school  diploma  or  its  equivalent 
obtained  through  either  the  pretechnology,  vocational,  or 
academic  route. 

The  high  school  record  was  represented  by  the  marks 
obtained  in  high  school  Mathematics,  Physics,  and  average. 

The  high  school  average  was  found  from  the  marks  earned  in 
Grade  XII  English,  Mathematics,  Social  Studies,  Biology, 
Chemistry  and  Physics,  and  in  cases  where  a  student  had  taken 
more  than  one  Grade  XII  Mathematics  course,  his  average  in 
this  subject  was  used  as  his  Mathematics  mark. 

II.  STATEMENT  OF  THE  PROBLEM 

The  problem  of  this  study  is  that  at  present  there  is 
no  means  of  predicting  success  in  the  Electronic  Technology 
program  at  NAIT  based  on  entrance  requirements  and  three 
different  kinds  of  high  school  preparation. 

The  purpose  of  this  study  was: 

1.  to  determine  to  what  extent,  if  any,  the  high 
school  scores  in  Mathematics,  Physics,  and  average  were  able 
to  predict  the  achievement  of  students  in  the  Electronic 
Technology  program  at  the  Northern  Alberta  Institute  of 
Technology, 

2.  to  determine  to  what  extent,  if  any,  the  addition 
of  Differential  Aptitude  Test  scores  in  Numerical  Ability  and 
Verbal  Reasoning  as  predictor  variables  would  improve  pre¬ 
diction,  and 
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3.  to  determine  to  what  extent,  if  any,  the  pre¬ 
technology,  vocational,  and  academic  high  school  preparation 
affected  the  achievement  of  students  in  this  program. 

III.  DELIMITATIONS 

This  study  was  delimited  in  the  following  ways: 

1.  It  was  restricted  to  one  particular  technology 
program  that  admits  students  who  obtained  a  high  school 
diploma  or  its  equivalent  by  any  one  of  three  routes. 

2.  It  was  restricted  to  a  technology  program  that 
is  based  on  mathematics  and  science  applied  to  technology. 

3.  It  was  restricted  to  a  technology  program  that 
has  a  large  enrollment  so  that  the  prediction  study  could  be 
cross-validated  against  a  second  group  of  students. 

4.  It  included  only  those  students  who  entered  the 
program  directly  from  high  school  or  from  the  pretechnology 
program.  Students  who  had  prior  work  experience  of  one  year 
or  more  were  excluded  from  the  study. 

IV.  ASSUMPTIONS 

The  following  assumptions  were  made: 

1.  The  interests,  motivation,  and  attitude  of 
students  would  affect  outcomes.  No  measure  of  these  was 
available,  but  it  was  assumed  that  they  would  be  reflected 
in  the  student's  academic  achievement,  both  in  high  school 
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2.  There  will  be  differences  between  the  three  types 
of  student  entering  the  Electronic  Technology  program. 

These  differences  may  or  may  not  be  evident  in  the  prediction 
equations  developed  in  this  study.  It  was  further  assumed 
that  these  differences  would  be  evident  on  computing  the  mean 
graduating  average  for  each  subsample. 

3 .  Guidelines  for  marking  in  the  high  school  and  the 
Institute  were  each  standardizing  measures  and  were  equiva¬ 
lent.  It  was  thus  possible  to  compare  high  school  marks  with 
Institute  marks. 

4.  Similarly,  there  was  uniformity  in  marking 
throughout  the  high  schools  of  Alberta,  and  throughout  the 
different  programs  they  offer. 

5.  The  contribution  that  a  subject  or  course  of 
study  makes  to  a  balanced  technology  program  could  be 
measured  in  terms  of  the  student-hours  spent  on  it  and 
weighted  accordingly. 


V.  STATEMENT  OF  HYPOTHESES 

The  following  null  hypotheses  were  tested  at  the  .05 
level  of  significance: 

1.  It  will  not  be  possible  to  predict  the  graduating 
average  in  the  Electronic  Technology  program  on  the  basis  of 
high  school  Mathematics,  Physics  and  average. 

2.  Prediction  will  not  be  improved  if  standardized 
test  scores  in  Numerical  Ability  and  Verbal  Reasoning,  as 
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well  as  the  high  scool  record,  are  used  as  predictors. 

3.  It  will  not  be  possible  to  discriminate  between 
the  suitability  of  the  three  types  of  high  school  preparation 
that  serve  as  admission  requirements  for  the  Electronic 
Technology  program. 


VI.  DEFINITION  OF  TERMS 

Engineering  Technician 

Henninger  (1959)  defined  the  engineering  technician 
as  a  person  whose  chief  interest  and  activities  lie  in  the 
direction  of  the  testing  and  development,  the  application, 
and  the  operation  of  engineering  and  scientific  equipment 
and  processes.  He  classified  the  engineering  technician 
operationally  as  one  who  performs  semi-professional  functions 
of  an  engineering  or  scientific  nature,  largely  upon  his  own 
initiative  and  under  only  general  supervision  of  a  profes¬ 
sional  engineer  or  scientist:  he  assists  the  engineer  or 
scientist  and  supplements  his  work. 

Graduating  Average 

The  Electronic  student's  weighted  average  in  his 
graduating  year  at  the  Institute,  made  up  almost  entirely 
from  electronics  courses. 

NAIT  Graduate 


The  graduate  of  the  Northern  Alberta  Institute  of 
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Technology  is  one  who  holds  a  diploma  in  Electronic  Technology 
from  the  Institute. 

Pretechnology  Student 

The  pretechnology  student  is  one  who  attained  an 
Alberta  high  school  diploma  or  its  equivalent  through  studies 
at  the  Northern  Alberta  Institute  of  Technology. 

Vocational  Student 

The  vocational  student  is  one  who  attained  an  Alberta 
High  school  diploma  through  vocational  studies  at  high  school. 

Academic  Student 

The  academic  student  is  one  who  attained  an  Alberta 
high  school  diploma  through  academic  studies  at  high  school. 

Criterion  Variable 

The  criterion  variable,  or  outcome,  was  the  Elec¬ 
tronic  student's  weighted  average  in  his  graduating  year  at 
the  Institute,  described  as  the  graduating  average. 

Predictor  Variables 

The  predictor  variables  were  the  high  school  scores 
in  Mathematics,  Physics,  and  average  and  the  scores  in 
Numerical  Ability  and  Verbal  Reasoning  from  the  Differential 
Aptitude  Test  battery. 

VII.  NEED  FOR  THE  STUDY 

This  study  investigated  the  possibility  of  using  the 
high  school  record  and  a  standarized  test  as  predictors  for 
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success  in  the  Electronic  Technology  program  at  the  Northern 
Alberta  Institute  of  Technology.  In  particular,  it  studied 
the  influence  of  the  entrance  requirements  and  the  kinds  of 
high  school  preparation  on  success  in  the  program. 

The  American  Society  of  Engineering  Education  (1962, 
p.  6)  stated: 

If  an  effective  engineering  technology  curriculum 
hinges  greatly  upon  the  quality  of  faculty,  it  hinges 
perhaps  even  more  upon  the  quality  of  its  incoming 
students.  If  the  students'  high  school  backgrounds  are 
inadequate,  instructors  will  tend  to  adjust  their  course 
material  to  these  inadequacies.  The  inevitable  result 
will  be  that  the  courses  will  lose  the  depth  and  scope 
implied  in  the  catalogue  and  faculty  capabilities  will 
not  be  fully  utilized.  Any  discussion  of  academic 
standards,  therefore,  must  be  preceded  by  a  statement 
on  admission  requirements  and  student  selection. 

The  choice  of  a  career,  and  the  choice  of  a  program 
of  studies  necessary  for  its  preparation,  will  depend  on 
many  things.  Aptitude,  interest,  values,  and  the  influence 
of  the  home  and  high  school  experience  all  have  a  bearing 
on  career  selection,  and  on  success  in  the  chosen  field  of 
work.  Most  research  studies  that  attempt  to  predict  college 
success,  however,  use  academic  standards  as  criteria.  Some 
of  these  are  discussed  under  Review  of  the  Literature. 

Writing  on  prediction,  Gleser  (1960)  discussed  the 
types  of  prediction  problems,  one  of  which  is  relevant  here. 
In  selection,  the  aim  is  to  obtain  a  group  of  individuals 
whose  average  probability  of  success  is  greater  than  that  of 
the  typical  applicant.  On  the  other  hand,  "selecting"  a 
group  of  students  for  a  special  program  in  the  school  is 
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really  a  classification  problem,  and  not  a  selection  one, 
because  the  students  who  are  excluded  must  be  provided  for  by 
some  other  type  of  program.  Probably,  the  greatest  number  of 
prediction  problems  are  subsumed  under  the  heading  of 
classification,  by  which  an  individual  is  assigned  to  that 
category  in  which  he  best  fits,  or  where  he  has  the  greatest 
probability  of  success. 

Although  the  Northern  Alberta  Institute  of  Technology 
does  have  categories  for  some  of  its  technology  programs, 
it  does  not  attempt  to  select  students  for  a  particular 
program  on  the  basis  of  their  high  school  record.  Any  person 
who  has  the  necessary  entrance  requirements,  and  makes 
application  before  the  quota  is  filled,  is  accepted. 

Information  provided  by  this  study  could  be  useful 
when  decisions  have  to  be  made  on  admission  requirements, 
the  need  for  remedial  work,  and  student  counseling  in  the 

'  I 
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high  schools. 
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CHAPTER  II 


REVIEW  OF  THE  LITERATURE 

This  study  deals  with  the  relationship  between  the 
high  school  record  and  success  in  the  Electronic  Technology 
program  at  the  Northern  Alberta  Institute  of  Technology.  To 
place  the  problem  in  perspective,  a  review  of  the  literature 
was  made.  This  has  been  divided  into  two  parts.  The  first 
considers  the  technical  institute  program;  the  second  deals 
with  various  studies  on  the  prediction  of  student  achievement. 

The  review  is  in  summarized  form  except  for  those 
parts  thought  to  be  especially  relevant  to  this  study.  A 
rationale  for  the  research  design  is  developed  from  the 
review. 


I.  THE  TECHNICAL  INSTITUTE  PROGRAM 

The  Technical  Institute  Program 

The  technical  institute  is  a  post-secondary  educational 
institution,  designed  primarily  to  develop  qualified  engineer¬ 
ing  technicians  proficient  in  a  selected  field  of  technology. 

In  most  cases,  high  school  graduation  is  a  prerequisite  and 
the  programs  are  completed  in  two  academic  years  (Graney,  1964). 

The  institute  obtains  its  students  from  three  main 
sources  (Graney,  1964) .  The  principal  source  is  the  high 
school,  although  high  school  counseling  does  not  usually 
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emphasize  technical  institute  education.  Some  students  come 
from  industry  after  a  period  of  work  experience.  Others  come 
from  engineering  schools  because  of  failure  or  through 
choice. 

The  engineering  technician  graduating  from  a  technology 
program  has  a  high  level  of  knowledge  and  his  marked  ability 
in  mathematics,  science,  and  applied  technology  permits  him 
to  handle  a  wide  range  of  tasks  within  his  technology  as  an 
assistant  to  the  engineer  or  scientist  (Dobrovolony ,  1960; 
Emerson,  1962;  Porter,  1964;  U.S.  Office  of  Education,  1967). 

Because  the  engineering  technology  program  is  based 
upon  the  knowledge  and  use  of  fundamental  concepts  in  mathe¬ 
matics  and  science,  it  has  long  been  recognized  that  a  sound 
general  education,  especially  in  language,  mathematics,  and 
science  is  a  basic  requirement  for  entry  into  the  program 
(Unesco,  1952).  Indeed,  the  U.S.  Office  of  Education  (1967) 
has  stated  that  the  academic  requirements  for  entering  a  high 
quality  technology  program  are  essentially  the  same  as  for 
an  engineering  degree  program.  It  ought  to  be  possible, 
therefore,  to  predict  the  likely  success  or  failure  of  students 
in  an  engineering  technology  program  on  the  basis  of  their 
high  school  record. 

Guidance  and  the  Technical  Institute  Program 

Henninger  (1959)  noted  that  the  demand  for  engineering 
technicians  is  increasing,  but  places  at  the  institutes  are 
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not  always  filled.  This  may  be  due  to  misunderstanding  and 
lack  of  knowledge  about  the  nature  and  worth  of  technical 
institute  education.  Employers,  engineers,  engineering 
educators,  high  school  teachers,  and  parents  seem  to  have  a 
misconception  of  the  role  of  the  engineering  technician. 

Graney  (1964)  stated  that  most  high  school  teachers 
and  counselors  are  not  well  informed  about  the  technical 
institute  or  industry.  They  tend  to  counsel  the  better 
students  to  enter  university  and  counsel  the  poorer  ones  to 
accept  the  terminal  vocational  programs  in  the  high  school. 

Schill  and  Arnold  (1965)  had  problems  in  locating 
engineering  technicians  for  a  study  of  curricula  content 
because,  in  many  cases,  management,  personnel  managers,  and 
chief  engineers  did  not  know  the  educational  background  of 
their  employees  or  the  true  role  of  the  technician.  Schill 
and  Arnold  (1965,  p.  18)  discovered  that  "To  find  out  what 
a  technican  does  and  what  knowledges  are  related  to  his  job, 
the  place  to  go  is  to  the  employed  technician." 

This  dearth  of  understanding  of  the  role  and  education 
of  the  engineering  technician  has  been  deplored.  Shippen 
(1967)  stated  that  students  planning  to  take  technical 
education  programs  need  realistic  technical  orientation  to 
aid  them  in  making  decisions,  especially  if  they  have 
taken  the  academic  route  in  high  school.  The  purpose  of 
orientation  is  twofold.  Firstly,  it  would  prepare  a  student 
for  the  best  possible  choice  of  a  technical  program  on  the 
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basis  of  his  aptitudes,  interests,  and  information  about 
himself,  and  secondly,  it  would  achieve  through  testing  a 
more  reliable  indication  of  the  student's  mechanical  and 
mental  aptitudes  in  his  choice  of  program. 

Porter  (1964)  and  Schill  and  Arnold  (1965)  claimed 
that  the  "academic  stream"  in  the  high  school  is  preferable 
to  the  "technological  stream"  and  is  more  appropriate  for 
the  basic  education  of  the  engineering  technician.  If  this, 
in  fact,  is  the  case  there  ought  to  be  a  difference  in 
achievement  in  an  engineering  technology  program  according  to 
the  type  of  high  school  preparation  that  a  student  has  under¬ 
gone.  Furthermore,  a  knowledge  of  the  student's  aptitude  test 
scores  should  help  in  the  prediction  of  success  in  the  program. 

Apart  from  aptitude  and  the  high  school  record,  there 
are  many  factors  that  influence  a  student's  success  in  college. 
Smith  (1965)  showed  that  performance  in  college  is  affected 
by  the  student's  interests,  personality,  and  socioeconomic 
background.  Others  have  shown  that  sex,  college  program, 
size  of  high  school  (Knowles  &  Black,  1965) ,  and  age  of  the 
student  (Fleming,  1955;  Astin,  1971)  will  affect  outcomes, 
but  often  information  on  these  factors  is  not  available. 

Although  achievement  depends  on  many  things,  it 
should  be  possible  to  predict  the  success  of  a  student  in 
an  engineering  technology  program  on  the  basis  of  his  high 
school  record,  his  aptitude  test  scores,  and  the  type  of 
high  school  preparation  that  he  has. 
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II.  PREDICTION  OF  STUDENT  ACHIEVEMENT 
Data  Commonly  Used  in  Prediction 

The  major  student  variables  measured  by  testing  are 
achievement,  aptitude,  interest  and  personality.  All  may 
be  used  in  the  prediction  of  future  performance. 

Achievement  tests,  either  in  the  form  of  school 
examinations  or  standardized  tests,  are  designed  to  measure 
how  much  one  has  accomplished  as  a  result  of  past  education. 
Standardized  aptitude  tests  are  designed  to  indicate  the 
potential  one  has  for  learning  in  the  future.  Standardized 
interest  and  personality  inventories  measure  certain 
personal-social  characteristics. 

Most  prediction  studies  are  based  upon  achievement 
test  data  obtained  from  standarized  tests,  the  high  school 
record,  or  both.  Aptitude  tests  are  used  to  a  much  lesser 
extent.  Interest  and  personality  inventories- are  used 
mainly  for  guidance  when  making  a  tentative  career  choice. 

As  Mack  (1963)  stated,  it  is  now  common  practice  to 
use  multiple  predictors  and  a  specific  criteria  of  success 
in  order  to  see  what  combination  of  predictors  is  best 
suited  for  a  particular  situation. 

Research  Studies  Using  Standardized  Tests 

Smith  and  Adams  (1966)  noted  that,  although  no  test 
can  serve  as  a  perfect  predictor  of  academic  achievement. 
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standardized  tests  now  serve  a  major  role  in  American 
college  admissions.  Almost  invariably,  they  are  achieve¬ 
ment  tests.  Black  (1959a),  Knowles  (1965),  Butzow  and 
Williams  (1967),  and  others  question  the  predictive  ability 
of  some  of  them.  A  review  of  the  literature  showed  this 
criticism  to  be  justified. 

Prediction  studies  using  standardized  achievement 
tests  showed  that  the  achievement  test  can  have  predictive 
validity  extending  over  several  years  of  the  college  program 
(Pickle,  1967) .  Often,  however,  it  does  not  predict  with 
sufficient  accuracy  to  serve  as  a  basis  for  college  admis¬ 
sions  (Stone,  1965) .  In  some  cases,  the  correlation  between 
standardized  test  scores  and  performance  in  a  college  program 
are  so  low  that  it  must  be  concluded  they  measure  two  different 
things  (Roemer,  1965) . 

Studies  that  related  test  scores  to  high  school 
performance  showed  that  the  standardized  test  scores  are 
affected  by  the  student's  aspirations  for  higher  education 
(Gadzella  &  Bentall,  1966)  and  the  type  of  program  he  wishes 
to  enter  (Obst,  1963) . 

Standardized  aptitude  tests  are  used  more  often  for 
counseling  than  for  prediction.  This  does  not  mean,  however, 
that  they  cannot  be  used  for  prediction.  In  fact,  Carrol  and 
Frederiksen  (1959)  have  explicitly  recommended  that  the 
Differential  Aptitude  Tests  (DAT)  be  used  for  this  purpose. 
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Differential  Aptitude  Tests 

The  Differential  Aptitude  Tests  are  a  multi-aptitude 
battery  of  standardized  tests  worthy  of  special  mention, 
not  only  because  of  their  wide  acceptance,  but  because  they 
are  administered  to  newly  registered  students  at  the  Northern 
Alberta  Institute  of  Technology,  mainly  for  counseling 
purposes . 

The  DAT  tests  were  designed  for  grades  8  to  12,  but 
can  also  be  used  for  unselected  adults.  The  battery  contains 
the  following  eight  subtests: 

1.  Verbal  Reasoning-  A  series  of  verbal  analogies  intended 
to  measure  a  combination  of  verbal  ability  and  deductive 
reasoning . 

2.  Numerical  Ability.  A  series  of  relatively  simple  numeri¬ 
cal  problems  that  give  a  measure  of  mental  computational 
skill. 

3.  Abstract  Reasoning.  A  nonverbal  measure  of  reasoning 
ability  based  on  selecting  a  fifth  abstract  figure  that 
logically  follows  four  others. 

4.  Mechanical  Reasoning.  Measures  an  understanding  of 
physical  principles  through  the  use  of  drawings. 

5.  Space  Relations.  Measures  the  ability  to  visualize 
objects  by  relating  surface  developments  to  their  solid 
figures. 

6.  Clerical  Speed  and  Accuracy.  Measures  speed  and 
accuracy  of  responses  to  letter  and  number  combinations. 
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7.  Language  Usage.  Part  1  is  a  spelling  test. 

8.  Language  Usage.  Part  2  is  a  test  in  grammar,  punctuation, 
and  word  usage. 

Carrol  and  Frederiksen  (1959)  separately  reviewed  the 
Differential  Aptitude  Tests  and  agreed  on  several  important 
points.  They  found  the  overlap  of  abilities  measured  by  the 
subtests  somewhat  disturbing  and  questioned  if  the  battery 
was  truly  differential.  Frederiksen  stated  that  the  best 
three  predictors  for  success  in  all  of  the  four  study  areas 
of  English,  mathematics,  science  and  social  studies  were 
Verbal  Reasoning,  Numerical  Ability,  and  the  sentence  part  of 
Language  Usage.  Both  reviewers  noted  that  the  DAT  authors 
strongly  recommend  the  practice  of  counseling  from  profiles; 
in  other  words,  the  use  of  clinical  prediction.  The  reviewers 
recommended  the  employment  of  statistical  methods,  at  least 
for  local  situations,  to  discover  how  best  to  combine  the 
scores  so  that  statistical  prediction  can  be  made  from  pre¬ 
diction  equations.  Carrol  completed  his  critique  by  stating 
that  the  DAT  tests  were  the  best  available  foundation  battery 
for  measuring  the  chief  intellectual  abilities  and  learned 
skills  of  the  high  school  student. 

If  DAT  scores  are  to  be  used  in  prediction,  two  of  the 
most  useful  subtests  are  Verbal  Reasoning  and  Numerial  Ability 
(Carrol  &  Frederiksen,  1959;  Price,  1971)  . 
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Research  Studies  Using  the  High  School  Record 

Most  prediction  studies  attempt  to  relate  standard¬ 
ized  achievement  tests  and/or  the  high  school  record  to  the 
college  freshman  grade-point  average.  In  cases  where 
standardized  tests  and  the  high  school  record  have  been  used 
jointly,  the  high  school  record  was  found  to  be  as  good  as, 
or  better  than,  the  standardized  tests  in  predicting  success 
in  college  (Doppelt  &  Stuit,  1953;  Black,  1959a;  Knowles, 

1965;  Lunneborg  &  Lunneborg,  1967;  Fleming,  1962;  Astin, 

1971)  . 

Studies  using  the  high  scool  record  as  a  predictor 
of  success  in  college  showed: 

In  some  cases,  the  high  school  average  was  the  best 
single  predictor  for  success  in  the  freshman  year  (Fleming, 
1955;  Mowat  &  Ross,  1962;  Mack,  1963;  Lunneborg  &  Lunneborg, 
1967;  Astin,  1971) .  In  other  cases,  the  high  school  course 
marks  were  the  best  discriminators  (Black,  1959b;  Knowles, 
1965)  . 

For  Engineering,  high  school  course  marks  in  mathe¬ 
matics  and  science  were  better  predictors  of  success  than  the 
high  school  average  (Fleming,  1962;  Jenkins  &  Prentice,  1968) . 

A  freshman's  grade  point  average  can  be  predicted 
with  moderate  accuracy  from  a  knowledge  of  his  average  grade 
in  high  school,  and  to  a  lesser  extent,  from  college  admis¬ 
sion  tests.  Prediction  beyond  the  first  year  in  college  can 
be  made  with  only  a  low  degree  of  accuracy  when  based  on  the 
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high  school  record  and  standardized  tests  (Mowat,  1966; 

Astin,  1971) . 

Younger  students  who  entered  college  immediately 
after  high  school  did  better  than  older  students  (Fleming, 
1955) .  For  a  given  ability,  the  successful  student  was 
young,  had  good  study  habits,  and  attended  a  highly  selective 
college  (Astin,  1971) . 

Conclusions 

Most  prediction  studies  deal  with  success  in  the 
college  freshman  year,  measured  by  the  grade-point  average. 
Few  go  beyond  the  freshman  year  and  few  consider  the 
engineering-based  program  at  an  institute  of  technology. 
Findings  from  existing  studies,  however,  can  serve  as  a  basis 
for  predicting  the  success  of  students  in  the  Electronic 
Technology  program  at  the  Northern  Alberta  Institute  of 
Technology. 

Of  particular  interest  is  the  work  of  Black  (1959a, 
1959b) ,  Fleming  (1962) ,  and  Jenkins  &  Prentice  (1968) .  Black 
has  studied  the  Alberta  high  school  graduate's  record  and  its 
relation  to  success  in  different  faculties  at  the  University 
of  Alberta.  The  others  have  studied  the  requirements  for 
success  in  Schools  of  Engineering.  Their  work  is  of  interest 
because  the  present  study  is  concerned  with  predicting  the 
success  of  Alberta  high  school  graduates  in  a  technology 
program  closely  related  to  engineering. 


" 

. 

. 


19 

From  a  review  of  the  literature  on  prediction  it 
seemed  reasonable  to  use  the  high  school  average,  and  the 
Mathematics  and  Physics  marks  (in  addition  to  two  DAT  scores) 
as  the  predictor  variables  because  of  the  engineering  nature 
of  the  Electronic  Technology  program  and  because  of  the 
entrance  requirements  for  this  program.  The  Electronic 
graduating  average  was  chosen  as  the  criterion  variable 
because  the  study  was  concerned  with  success,  not  in  the 
first  year,  but  in  the  program  as  a  whole.  The  sample  was 
restricted  to  students  who  entered  the  program  directly  from 
high  school  in  order  to  eliminate  the  effects  of  maturity 
and  work  experience. 


CHAPTER  III 


STRUCTURE  OF  THE  INVESTIGATION 

This  study  sought  a  relationship  between  the  high 
school  record  and  success  in  the  Electronic  Technology  pro¬ 
gram  at  the  Northern  Alberta  Institute  of  Technology. 

The  study  was  divided  into  three  parts,  described  as 
Part  I.  Prediction,  Part  II.  Cross-Validation,  and  Part  III. 
Discrimination.  Part  I  established  a  set  of  prediction 
equations  based  on  the  high  school  record  and  aptitude  test 
scores.  In  Part  II,  the  prediction  equations  were  cross- 
validated  against  a  second  subsample.  Part  III  studied  the 
influence  of  the  kind  of  high  school  preparation  on  success 
in  the  technology  program. 

The  structure  of  the  investigation  is  given  below. 

It  describes  the  population  and  sample,  the  method  of  analysis 
for  each  part  of  the  study,  and  the  statistical  data  used. 

I.  POPULATION  AND  SAMPLE 

The  population  was  all  students  who  applied,  or  who 
will  apply,  for  entrance  to  the  NAIT  Electronic  Technology 
program  from  the  year  1968  onwards.  The  sample  was  made  up 
from  those  students  who  completed  the  program  in  the  years 
1970,  1971,  and  1972.  It  included  all  students  who  entered 
the  program  directly  from  high  school  or  from  pretechnology, 
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provided  their  high  school  record  was  known.  It  excluded 
transfer  students  and  those  with  one  or  more  years  of  work 
experience . 

Of  the  174  students  making  up  the  sample  48  had  come 
from  pretechnology,  29  from  the  vocational,  and  97  from  the 
academic  high  school  programs.  Of  these,  27  pretechnology, 

25  vocational,  and  91  academic  students  had  written  the  DAT 
tests . 

The  sample  was  randomly  divided  into  two  subsamples 
having  the  same  representation  of  pretechnology ,  vocational, 
and  academic  students  in  each.  The  first  (standardizing) 
subsample  was  used  to  establish  a  set  of  prediction  equations. 
The  second  (cross-validation)  subsample  was  used  to  check 
them. 

The  standarizing  and  cross-validation  subsamples 
were  each  subdivided  into  pretechnology,  vocational,  and 
academic  subsamples.  These  in  turn  were  further  subdivided 
according  to  whether  or  not  the  student  had  written  the  DAT 
tests . 

Thus,  there  was  one  set  of  subsamples  containing  all 
students  making  up  the  sample.  This  set  was  used  in  the  three- 
predictor  study.  Another  set,  containing  all  students  except 
those  without  DAT  scores,  was  used  in  the  five-predictor 
study . 

For  the  discrimination  part  of  the  study,  the  sample 
as  a  whole  was  divided  into  pretechnology,  vocational  and 
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academic  subsamples. 

Details  of  the  sample  and  its  subsamples  are  given 
in  Table  I. 

The  student's  high  school  record  was  obtained  from 
his  application  form  seeking  entrance  to  the  Electronic 
Technology  program,  his  DAT  scores  from  the  Counseling  Depart¬ 
ment,  and  his  technology  graduating  average  from  the  Elec¬ 
tronics  Department  at  the  Northern  Alberta  Institute  of 
Technology. 


II.  METHOD  OF  ANALYSIS 


Part  I.  Prediction 

The  five  predictor  variables  were  the  high  school 
scores  in  Mathematics,  Physics,  and  average,  and  the  scores 
in  Numerical  Ability  and  Verbal  Reasoning  from  the  Differential 
Aptitude  Test  battery.  The  criterion  variable  was  the  Elec¬ 
tronic  Technology  graduating  average. 

In  all,  a  total  of  eight  prediction  equations  were 
found  using  stepwise  multiple  regression  and  employing  the 
MULR0  6  Computer  Program  developed  by  the  Division  of 
Educational  Research  at  the  University  of  Alberta.  One  set 
of  four  equations  used  the  three  predictors  from  the  high 
school  record.  The  other  set  used  all  five  predictors  to 
see  if  prediction  could  be  improved  by  the  inclusion  of  DAT 
scores . 

Statistical  data  leading  to  the  prediction  equations 
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SAMPLE  AND  SUBSAMPLES  USED  IN  THE  PREDICTION  STUDY 


23 


/ 

rH  CN 

oo 

o 

oo 

d  2 

-P 

rH 

0 

-P 

P  rH 

Ch 

LO 

"T 

w  2 

00 

00 

O' 

rH 

0  CN 

VO 

LO 

rH 

•H  2 

<T\ 

£ 

0 

d 

O  rH 

cn 

00 

O' 

<  2 

cn 

i — i 

d  CN 

oo 

CN 

LO 

G  2 

rH 

■ — I 

CN 

0 

•H 

-P 

d 

O  rH 

LD 

<r> 

0  3 

rH 

i— 1 

CN 

> 

>1 

tr> 

O  CN 

H1 

00 

O' 

rH  2 

rH 

rH 

CN 

0 

G 

,G 

o 

0  rH 

LO 

00 

00 

-P  2 

CN 

CN 

0 

p 

G 

0 

•H 

-P 

d 

TJ 

G  03 

•h  m 

0  0 

rH  0 

03 

*H  rH 

d  rH 

rH 

-P  Or 

>  a 

d 

O  £ 

1  g 

•P 

•h  d 

cn  d 

O 

03  m 

-P 

0  ,Q 

0  £i 

A 

P  P 

p  G 

P 

cu  in 

u  in 

in 

>1 

13  >i 
G  H3 

•P  G 

03  -p 

03 
P 

O  P 

-P  O 

O  -P 

•H  O 

T3  -H 

0  T5 

P  0 

a.  p 

i  a. 

0  i 

0  0 

p  > 

a  -h 

■p  m 

0  0 

.G  ,G 

-p  -p 

g  g 

•H  *H 


TJ 

0 

03 


G 

0 

rH 

a 


I 


03 


G 

03 


TJ 

0 

0 

G 

0 

rH 

a . 

e 

d 

w 

G 

w 


X!  £3 

u  u 

d  d 

0  0 

G  G 

■H  *H 

m  in 

-p  -P 

o  u 

0  0 

•r— i  -r-i 

X) 

G  P 

in  m 

ip  M-l 

o  o 


p  p 

0  0 


G  G 


II  II 


3 


CN 

23 


24 


were  the  means,  standard  deviations  and  a  correlation  matrix 
for  the  predictors  and  criterion,  an  analysis  of  variance 
table,  and  regression  weights. 

Part  II.  Cross-Validation 

Prediction  equations  from  Part  I  were  applied  to  the 
cross-validation  pretechnology,  vocational,  and  academic 
subsamples  thus  allowing  tables  of  observed  and  predicted 
technology  graduating  averages  to  be  prepared.  From  these, 
the  mean  observed  and  predicted  scores  for  each  subsample 
and  for  the  cross-validation  subsample  as  a  whole  were  found. 
The  correlation  between  each  pair  of  mean  observed  and  pre¬ 
dicted  scores  was  tested  for  significance,  with  the  proba¬ 
bility  level  set  at  .05,  by  means  of  a  t-test. 

Part  III.  Discrimination 

In  the  discrimination  part  of  the  study,  the  means 
and  standard  deviations  of  the  observed  technology  graduating 
average  were  found  for  the  sample  and  its  pretechnology, 
vocational,  and  academic  subsamples.  A  chi-square  test  was 
used  to  check  the  homogeneity  of  variance  and  a  one-way 
analysis  of  variance  was  used  to  test  for  significance  with 
the  probability  level  set  at  .05  in  both  cases. 
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CHAPTER  IV 


RESULTS  OF  THE  STATISTICAL  ANALYSIS 

This  prediction  study,  and  the  statistical  analysis 
that  supports  it,  is  in  three  parts.  Part  I.  Prediction 
developed  a  set  of  prediction  equations,  Part  II.  Cross- 
Validation  checked  them  for  accuracy,  and  Part  III.  Dis¬ 
crimination  studied  the  influence  of  the  type  of  high  school 
preparation  on  success  in  the  technology  program. 

Development  of  the  prediction  equations  are  shown  in 
Tables  II  to  X,  their  cross-validation  in  Tables  XI  to  XIV, 
and  the  results  of  the  discrimination  part  of  the  study  in 
Table  XV. 

Student  records  used  in  this  investigation  are  given 
in  the  Appendix.  Data  for  the  standardizing  subsample  used 
in  prediction  are  given  in  Table  XVI  to  XVIII,  and  data  for 
the  cross-validation  subsample  in  Tables  XIX  to  XXIII.  The 
two  subsamples  were  combined  to  form  the  sample  in  the  dis¬ 
crimination  part  of  the  study. 

I.  PREDICTION 

A  set  of  three-predictor  equations  was  obtained  for 
the  standardizing  subsample  as  a  whole  and  for  its  pretech¬ 
nology,  vocational,  and  academic  subsamples.  The  three 
predictor  variables  were  the  scores  in  high  school 
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Mathematics,  Physics,  and  average.  The  criterion  variable 
was  the  Electronic  Technology  graduating  average. 

In  an  attempt  to  improve  prediction  with  the  use  of 
standardized  tests,  a  similar  set  of  five-predictor  equations 
was  found  by  including  DAT-Numerical  Ability  and  Verbal 
Reasoning  scores  as  predictor  variables. 

Steps  leading  to  the  prediction  equations  follow. 

Means  and  Standard  Deviations 

Table  II  shows  the  means  and  standard  deviations  of 
the  three  predictor  variables,  high  school  Mathematics, 

Physics,  and  average,  and  the  criterion  variable,  Electronic 
Technology  graduating  average,  for  the  standardizing  subsample. 
Table  III  shows  similar  data  after  adding  DAT-Numerical 
Ability  and  Verbal  Reasoning  as  predictor  variables. 

Sixteen  subjects,  mainly  pretechnology  students,  did 
not  write  the  Differential  Aptitude  tests,  although  all 
students  are  supposed  to  do  so.  Their  records  were  deleted 
in  the  five-predictor  study  and,  in  consequence,  the  total 
number  of  observations  fell  from  89  to  73  after  adding  the 
DAT  scores.  After  deleting  pretechnology  students  without 
DAT  scores,  the  pretechnology  means  of  high  school  Mathema¬ 
tics,  Physics  and  average,  and  of  the  technology  graduating 
average,  increased. 


' 

. 


27 


03 

W 

t-3 

03 

C 

H 

> 

w 

O 

o 

< 

Eh 

« 

U 

W 

H 

> 

Q 

Trl 

< 

s 

u 

s 

H 

w 

Eh 

w 

C 

« 

D 

a 

Q 

EH 

< 

H 

K 

H 

O 

o 

w 

K, 

1-3 

C/3 

55 

ffl 

2 

O 

< 

O 

H 

Eh 

H 

P3 

Eh 

w 

< 

Eh 

H 

H 

> 

& 

w 

U 

Q 

w 

Q 

a 

Oil 

Eh 

< 

Q 

§ 

O 

Eh 

Q 

03 

§ 

Q 

§ 

03 

Z 

• 

COff' 

o 

Q 

roinn 

r- 

t 

•  •  • 

• 

03 

o  cn  03 

o 

i— 1 

rH 

rH 

tO 

cn 

4-> 

00 

0 

G 

vo  co  O 

CO 

Eh 

fO 

•  •  • 

• 

0 

r-  o  vo 

H* 

a 

vo  r* 

VO 

• 

t"-  cn  co 

CN 

Q 

vo  co 

CO 

0 

• 

•  •  • 

• 

•H 

03 

O  Q  CD 

rH 

g 

i — 1 

iH 

0 

cn 

TJ 

H- 

(0 

G 

to  n  H 

H1 

u 

fO 

•  •  • 

• 

<c 

0 

VO  CO  H1 

H1 

a 

vo  vo  vo 

VO 

• 

H1  H*  CN 

H* 

r— 1 

Q 

VO  LD  CO 

LO 

to 

• 

•  •  • 

• 

c 

03 

O  O  CO 

r- 

0 

rH 

•H 

in 

44 

* — l 

fO 

u 

G 

<Ti  00  LO 

vo 

0 

fO 

•  •  • 

• 

> 

0 

CO  o  ^ 

in 

a 

vo  vo 

vo 

>1 

• 

H*  00  VO 

CN 

Cn 

Q 

VO  CO  vo 

co 

0 

• 

•  •  • 

• 

1 — 1 

03 

O'*  O'*  O'* 

i — i 

0 

rH 

G 

40 

m 

O 

CN 

CL) 

-P 

G 

in  o  co 

m 

0 

to 

•  •  • 

• 

u 

0 

O'*  o 

CO 

(U 

a 

vo  r"  e'¬ 

vo 

en 

Z 

O 

■H 

4-> 

C/3 

fd  03  0 

G 

•  • 

g  O  Cn 

0 

0 

03 

0  *h  td 

•  • 

Cn 

•H 

0 

43  C/3  U 

0 

td 

44 

rH 

4->  >1  0 

rH 

U 

fd 

43 

(d  rG  > 

43 

0 

> 

fO 

S  4  < 

td 

> 

u 

•H 

•H 

< 

0 

5H 

i — 1  H  i — 1 

U 

C/3 

fO 

0  0  0 

td 

Cn 

43 

> 

0  0  0 

> 

G 

O 

43  43  43 

•H 

U 

O  0  o 

G 

44 

4H 

0 

0 

C/3  C/3  C/3 

0 

td 

0 

rH 

H> 

•H 

G 

43 

O 

43  43  43 

U 

'O 

H 

f0 

•H 

Cn  tj>  tr* 

0 

td 

0 

•H 

TJ 

•H  -H  -H 

44 

p 

43 

5h 

0 

33  33  33 

•H 

O 

s 

to 

SH 

U 

3 

> 

eu 

u 

2 

28 


H 

H 

H 

w 

P 

PQ 

< 

Eh 


cn 

w 

PI 

PQ 

< 

H 

P 

< 

> 

W 

05 

U 

o 

Eh 

2 

U 

w 

H 

> 

Q 

< 

W 

05 

o 

PQ 

£ 

H 

W 

Eh 

> 

< 

H 

2 

P 

P 

P 

S 

o 

O 

cn 

V. 

2 

2 

O 

O 

H 

H 

Eh 

05 

< 

W 

H 

Eh 

> 

H 

W 

05 

Q 

U 

Q 

w 

05 

a 

< 

Eh 

Q 

P 

< 

O 

Eh 

cn 

Q 

2 

Q 

< 

§ 

cn 

2 

C 

W 

£ 

fd 

-P 

o 

Eh 


U 

•H 


13 

fd 

U 

< 


d 

c 

o 

•H 

4J 

fd 

o 

o 

> 


co 

o 

r— I 

o 

£3 

O 

0) 

-p 

0 

u 

P 


• 

CO 

CN 

vo 

r- 

vo 

CO 

Q 

in 

O 

r> 

CN 

CP 

• 

• 

W 

o 

O 

cn 

CO 

vo 

CP 

rH 

rH 

CO 

c 

00 

CN 

CO  iH 

vo 

r- 

fd 

• 

0 

p" 

O 

VO 

in 

uo 

£ 

vO 

r-" 

VO 

co 

co 

vo 

• 

<p 

rH 

00 

l — 1 

in 

Q 

r-* 

m 

LO 

00 

CN 

• 

• 

CQ 

o 

<j\ 

00  CN 

vo 

CP 

rH 

vo 

C 

co 

•*r 

LO 

rH 

o 

fd 

• 

• 

• 

• 

• 

• 

0 

VO 

CO 

N* 

in 

00 

in 

£ 

VO 

VO 

VO 

co 

co 

vo 

• 

00 

o 

CP 

CO 

CN 

o 

Q 

CM 

«H 

CP 

CP 

00 

in 

• 

• 

W 

rH 

o 

00 

N1 

00 

t"' 

rH 

rH 

co 

l — 1 

c 

CN 

rH 

in 

in 

uo 

<d 

• 

0 

00 

o 

uo 

vo 

vo 

£ 

VO 

r* 

VO 

co 

CO 

vo 

• 

in 

h1 

00 

rH 

r-> 

U0 

Q 

in 

00 

o 

iH 

00 

• 

• 

CO 

W 

00 

(Tl 

rH 

co 

in 

rH 

rH 

N1 

rH 

<3 

rH 

o 

rH 

vo 

in 

00 

fd 

• 

0 

CN 

VO 

N1 

t"" 

uo 

£ 

r* 

r- 

co 

co 

VO 

0 

>1 

2 

o 

4-> 

Co 

•H 

■H 

£3 

-P 

rH 

•H 

0 

fd 

0 

0 

•H 

£3 

(3 

•  • 

g 

o 

CoP 

0 

0 

0 

w 

0 

fd  < 

0 

••  tJI 

•H 

0 

P 

0 

U 

fd 

0  fd 

p 

rH 

4-> 

rH  0  i— 1 

0 

rH  El 

fd 

P 

fd 

P 

> 

cd 

05 

P  0 

> 

fd 

£ 

P  < 

u 

fd  > 

El 

•H 

•H 

I — 1 

•H  <3 

0 

Ei 

rH 

rH 

rH 

El 

fd 

El 

0 

fd 

0 

0 

0 

0 

P 

fd  co 

P 

> 

0 

0 

o 

£ 

El 

>  £3 

o 

43 

p  p 

9 

0 

•H 

u 

O 

o 

O  2 

> 

£3  -P 

4-1 

0 

0 

c n 

cn 

cn 

o  fd 

0 

«H 

-p 

i 

1 

•H  2 

p 

u 

p 

p  p 

El  TJ 

El 

d 

•H 

Co 

Co  tj>  Eh 

Eh 

0  fd 

0 

•H 

id 

•H 

•H 

•H 

< 

■P  El 

P 

0 

a 

a 

a 

Q 

Q 

•H  O 

£ 

fd 

p 

El 

3 

> 

p 

U 

2 

29 


Inter correlations 

Table  IV  shows  the  intercorrelations  of  the  three 
predictor  variables,  high  school  Mathematics,  Physics  and 
average  and  the  criterion  variable,  technology  graduating 
average,  for  the  standardizing  subsample.  Minimum  correlation 
coefficients  required  for  significance  at  the  .05  level  were 
.34  for  pretechnology,  .44  for  vocational,  .24  for  academic, 
and  .18  for  the  total. 

There  were  high  correlations  between  the  three 
predictor  variables  representing  the  high  school  record, 
especially  between  high  school  Mathematics  and  average,  for 
which  correlation  coefficients  ranged  from  .558  for  vocational 
students  to  .838  for  academic  students.  The  high  correlations 
between  the  predictor  variables  indicated  they  were  measuring 
much  the  same  thing. 

There  were  smaller  correlations  between  the  predictors 
and  the  technology  graduating  average.  Although  not  all  were 
significant  at  the  .05  level,  they  were  high  enough  to  indi¬ 
cate  that  a  positive  relationship  existed  between  the  high 
school  record  and  success  in  the  Electronic  Technology  pro¬ 
gram.  The  best  single  predictor  for  success  was  the  high 
school  average  with  correlation  coefficients  ranging  from 
.360  for  vocational  students  to  .445  for  pretechnology 
students . 

Table  V  shows  the  intercorrelations  of  the  five 
predictor  variables,  including  DAT-Numerical  Ability  and 
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TABLE  IV 

INTERCORRELATIONS  OF  THREE  PREDICTOR  VARIABLES 
AND  OF  THE  CRITERION,  GRADUATING  AVERAGE 


Predictor 

Variables 

High 

School 

Physics 

High- 

School 

Average 

Criterion 

Graduatim 

Average 

Pretechnology  (N  =  25) 

High  School  Mathematics 

.700* 

.741* 

.272 

High  School  Physics 

.665* 

.  442* 

High  School  Average 

.445* 

Vocational  (N  =  15) 

High  School  Mathematics 

.395 

.  558* 

.239 

High  School  Physics 

.767* 

.192 

High  School  Average 

.360 

Academic  (N  =  49) 

High  School  Mathematics 

.532* 

.  838* 

.395* 

High  School  Physics 

.744* 

.218 

High  School  Average 

.395* 

Total  (N  =  89) 

High  School  Mathematics 

.  563* 

.750* 

.  334* 

High  School  Physics 

.  739* 

.261* 

High  School  Average 

.366* 

*Significant  at  the  .05  level 
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INTERCORRELATIONS  OF  FIVE  PREDICTOR  VARIABLES 
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Verbal  Reasoning,  and  the  criterion  variable,  technology 
graduating  average.  In  this  case,  minimum  correlation 
coefficients  required  for  significance  at  the  .05  level  were 
.46  for  pretechnology,  .48  for  vocational,  .25  for  academic, 
and  .20  for  the  total. 

Correlations  between  components  of  the  high  school 
record  were  higher  than  when  only  three  predictors  were  used. 
Again,  in  general,  the  highest  correlations  were  between  high 
school  Mathematics  and  average  where  values  of  the  correlation 
coefficient  ranged  from  .571  for  vocational  students  to  .879 
for  pretechnology  students.  Correlations  between  components  of 
the  high  school  record  and  the  technology  graduating  average 
also  increased.  For  example,  for  pretechnology  students  the 
correlation  coefficient  between  high  school  Mathematics  and 
the  technology  graduating  average  increased  from  .272  to  .635. 

For  vocational  and  academic  students  and  five  pre¬ 
dictor  variables,  the  best  single  predictor  for  success  in 
the  technology  program  was  the  high  school  average  with 
correlation  coefficients  of  .384  and  .422,  respectively. 

For  pretechnology  students  and  the  standardizing  subsample 

i 

as  a  whole,  the  best  single  predictor  was  high  school 
Mathematics  with  correlation  coefficients  of  .635  and  .411. 

Analysis  of  Variance 

The  analysis  of  variance  tested  the  hypothesis  that 
the  means  of  all  the  variables  are  equal.  If  the  test  proved 
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significant,  it  meant  there  was  a  significant  difference 
between  any  two  of  the  variables  used,  but  a  further  test 
would  be  needed  to  find  out  which  two.  Ideally  there  should 
be  differences  between  the  predictor  variables  if  each  is  to 
make  an  independent  contribution  to  prediction,  but  there 
should  be  no  difference  between  each  predictor  and  the 
criterion  variable. 

Table  VI  shows  that,  for  the  three  predictor  variables 
and  the  criterion,  there  were  significant  differences  at  the 
.05  level  between  the  means  for  the  academic  and  total  sub¬ 
samples.  Table  VII  shows  that,  for  the  five  predictor 
variables  and  the  criterion,  there  was  a  significant  differnce 
only  for  the  subsample  as  a  whole. 

Percent  of  Variance  Accounted  For 

Table  VIII  lists  the  percents  of  variance  accounted 
for,  the  multiple  correlation  coefficients,  and  the  standard 
errors  of  predicted  score  derived  from  the  analysis  of 
variance  tables  for  the  standarizing  subsamples  and  their 
three  subsamples. 

With  three  predictor  variables,  the  values  of  the 
percent  of  variance  accounted  for  were  small,  ranging  from 
14.22%  for  the  standardizing  subsample  as  a  whole  to  26.93% 
for  the  pretechnology  students.  The  corresponding  multiple 
correlation  coefficients  ranged  from  .378  to  .518.  The  small 
values  of  the  percent  of  variance  accounted  for  indicated 
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that  other  factors  besides  the  predictor  variables  were 
affecting  the  student's  technology  graduating  average. 

The  percent  of  variance  accounted  for  increased  with 
the  use  of  the  five  predictor  variables,  justifying  the 
inclusion  of  DAT  scores  as  predictors.  For  example,  the  value 
for  the  total  subsample  increased  from  14.22%  to  19.7%.  The 
range  was  from  19.62%  for  academic  students  to  47.36%  for 
pretechnology  students  with  multiple  correlation  coefficients 
from  .443  to  .687.  The  standard  errors  of  predicted  score 
decreased,  except  for  pretechnology  students  where  the  value 
increased  from  10.35  to  12.49. 

Prediction  Equations 

Table  IX  gives  the  Beta  weights  and  constants  for 
the  three-predictor  equations.  Table  X  gives  the  correspon¬ 
ding  values  for  the  five-predictor  equations. 

II.  CROSS-VALIDATION 


Cross-Validation 

The  prediction  equations  developed  in  Part  I  were 
applied  to  a  cross-validation  subsample.  The  results  are 
shown  in  Tables  XI  to  XIII  in  which  the  observed  and  predicted 
scores  are  those  of  the  Electronic  Technology  graduating 
average.  Two  predicted  scores  were  obtained  for  each  subject 
using  the  three-predictor  equations  from  Table  IX,  and  two 
predicted  scores  were  found  using  the  five-predictor  equations 
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from  Table  X. 

Correlations  Between  Observed  and  Predicted  Scores 

Table  XIV  shows  the  analysis  of  the  cross-validation 
in  which  the  means  and  standard  deviations  for  the  observed 
and  predicted  scores,  the  correlation  coefficients,  t-*values, 
and  probability  levels  are  given. 

In  general,  the  means  and  standard  deviations  of  the 
observed  scores  for  the  cross-validation  subsample  were  less 
than  for  the  standardizing  subsample  given  in  Tables  II  and 
III,  especially  for  pretechnology  and  vocational  students. 

For  example,  with  three  predictors,  pretechnology  students 
in  the  cross-validation  subsample  had  a  mean  technology 
graduating  average  of  59.9  with  a  standard  deviation  of  9.13. 
The  corresponding  values  in  the  standardizing  subsample  were 
63.5  and  11.32. 

Correlations  between  observed  and  predicted  scores 
were  small.  For  the  set  of  three-predictor  equations,  values 
of  the  correlation  coefficient  ranged  from  .196  for  academic 
students  to  .532  for  pretechnology  students.  For  the  five- 
predictor  equations,  the  range  was  from  -.178  for  vocational 
students  to  .343  for  pretechnology  students.  However,  the 
t-test  showed  there  was  no  significant  difference  between 
the  means  of  the  observed  and  predicted  scores,  except  in 
two  cases.  There  were  significant  differences  at  the  .05 
level  when  the  three-predictor  equations  were  applied  to  the 
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pretechnology  subsample  and  to  the  cross-validation  subsample 
as  a  whole. 

The  first  hypothesis  stated  that  it  will  not  be 
possible  to  predict  the  graduating  average  in  the  Electronic 
Technology  program  on  the  basis  of  high  school  Mathematics, 
Physics,  and  average.  This  hypothesis  cannot  be  rejected  for 
the  pretechnology  students  and  the  subsample  as  a  whole,  but 
is  rejected  for  the  vocational  and  academic  students. 

The  second  hypothesis  stated  that  prediction  will  not 
be  improved  if  standardized  test  scores  in  Numerical  Ability 
and  Verbal  Reasoning,  as  well  as  the  high  school  record,  are 
used  as  predictors. 

The  computer  program  for  the  stepwise  regression  was 
designed  to  add  or  delete  predictor  variables  at  the  .05 
level  of  significance.  Neither  of  the  two  DAT  scores  was 
deleted  in  the  five-predictor  equations,  indicating  that  they 
made  a  significant  contribution  to  prediction.  Table  VIII 
also  shows  that  on  adding  the  DAT  scores  the  percent  of 
variance  accounted  for  increased  from  14.22%  to  19.7%  for 
the  standardizing  subsample  as  a  whole  and  from  26.93%  to 
47.36%  for  pretechnology  students  with  corresponding 
increases  in  the  multiple  correlation  coefficients.  A 
further  indication  of  improvement  in  prediction  is  given 
in  Table  XIV  which  shows  that  with  five  predictors,  the 
probability  values  of  t  were  higher  than  the  corresponding 
values  with  three  predictors.  The  higher  probability  values 
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of  t  indicated  that  the  predicted  and  observed  scores  were 
more  nearly  alike  than  when  only  three  predictors  were  used. 

For  these  reasons,  the  second  hypothesis  is  rejected. 

III.  DISCRIMINATION 

To  study  the  influence  of  the  type  of  high  school 
preparation  on  the  Electronic  Technology  graduating  average, 
the  means  and  standard  deviations  of  the  observed  technology 
graduating  average  were  determined  for  the  pretechnology, 
vocational,  and  academic  students  forming  the  sample.  The 
results  are  shown  in  Table  XV. 

A  chi-square  homogeneity  of  variance  test  was  applied 
to  see  if  the  variances  for  the  three  subsamples  were  equal. 
The  probability  level  was  .204,  and  thus  it  was  concluded 
that  the  variances  were  equal ,  indicating  that  the  three 
subsamples  came  from  the  same  sample. 

The  mean  graduating  averages  were  61.8,  63.2,  and 
65.8%  for  the  pretechnology,  vocational,  and  academic  sub¬ 
groups,  respectively,  but  an  analysis  of  variance  test  showed 
that  the  differences  in  the  scores  were  not  significant  at 
the  .05  level. 

The  third  hypothesis  stated  that  it  will  not  be 
possible  to  discriminate  between  the  suitability  of  the  three 
types  of  high  school  preparation  that  serve  as  admission 
requirements  for  the  Electronic  Technology  program.  As  no 
significant  difference  was  found  in  the  means  of  the  gradu¬ 
ating  average,  this  hypothesis  cannot  be  rejected. 
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TABLE  XV 


MEANS  AND  STANDARD  DEVIATIONS  OF  THE  OBSERVED 
TECHNOLOGY  GRADUATING  AVERAGE  FOR 
THE  SAMPLE 


Subsample 

N 

Mean 

Standard  Deviation 

Pre techno logy 

48 

61.8 

10.47 

Vocational 

29 

63.2 

7.73 

Academic 

97 

65.8 

9.99 

Total 

174 

64.3 

9.88 

Chi-Square  Homogeneity  Test:  Probability  =  .204 

Analysis  of  Variance  Test:  Probability  =  .055 


CHAPTER  V 


SUMMARY,  DISCUSSION,  AND  RECOMMENDATIONS 

I.  SUMMARY  OF  THE  RESULTS 

This  study  sought  to  relate  the  high  school  record 
and  standardized  aptitude  test  scores  to  success  in  the 
Electronic  Technology  program  at  the  Northern  Alberta  Insti¬ 
tute  of  Technology.  In  particular,  it  considered  the  admis¬ 
sion  requirements  for  the  program  and  their  influence  on 
three  kinds  of  entering  student.  Findings  from  a  study  of 
this  type  could  be  useful  when  decisions  have  to  be  made  on 
admission  requirements,  the  need  for  remedial  work,  and 
student  counseling  in  the  high  school. 

The  study  is  in  three  parts.  Part  I.  Prediction 
established  a  set  of  prediction  equations,  Part  II.  Cross- 
Validation  checked  them  for  accuracy,  and  Part  III.  Discrim¬ 
ination  studied  the  influence  of  the  type  of  high  school 
preparation  on  success  in  the  Electronic  Technology  program. 

Results  of  the  study  showed  that: 

1.  It  was  possible  to  predict  the  graduating  average 
of  vocational  and  academic  students  in  the  Electronic  Tech¬ 
nology  program  on  the  basis  of  their  high  school  record 
alone,  as  represented  by  high  school  Mathematics,  Physics  and 
average,  but  it  was  not  possible  to  make  predictions  for 
pretechnology  students  or  for  students  in  general  on  this 
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basis . 

2.  Prediction  was  improved  when  standardized  test 
scores  in  Numerical  Ability  and  Verbal  Reasoning,  as  well  as 
the  high  school  record,  were  used  as  predictor  variables. 

It  was  possible  to  predict  the  graduating  average  of  pre¬ 
technology,  vocational,  and  academic  students  in  the  program 
either  separately  or  jointly  with  the  use  of  appropriate 
five-predictor  equations. 

3 .  It  was  not  possible  to  discriminate  between  the 
suitability  of  the  three  types  of  high  school  preparation 
that  serve  as  admission  requirements  for  the  Electronic 
Technology  program.  Although  the  pretechnology,  vocational, 
and  academic  students  had  mean  technology  graduating  averages 
of  61.8,  63.2,  and  65.8%  respectively,  the  differences  were 
not  significant  at  the  .05  level. 

II.  DISCUSSION 

Certain  assumptions  were  made  in  this  study.  Among 
them  was  the  uniformity  in  marking  throughout  the  high  schools 
and  for  different  programs.  Table  II,  for  example,  shows 
that  the  mean  high  school  marks  for  Mathematics,  Physics, 
and  average  for  pretechnology  students  were  higher  than  for 
academic  students,  but  the  academic  students  obtained  a 
slightly  higher  technology  graduating  average.  This  would 
suggest  that  uniform  marking  did  not  exist  in  the  high  schools. 
It  is  because  high  school  grades  often  lack  a  high  degree  of 
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comparability  that  standardized  tests  are  used  as  supple¬ 
mentary  criteria  of  performance.  In  the  present  study,  the 
use  of  two  scores  from  the  standardized  DAT  tests  improved 
prediction . 

Correlation  coefficients  in  Tables  IV  and  V  showed 
that  selected  components  of  the  high  school  record,  especi¬ 
ally  Mathematics  and  the  high  school  average,  were  signifi¬ 
cantly  related  to  success  in  the  program,  but  neither  of  the 
DAT  scores  were.  The  DAT  scores  did  contribute  to  predic¬ 
tion,  however,  when  used  with  other  predictors  since  they 
were  not  deleted  from  the  prediction  equations  at  the  .05 
level  of  significance. 

Wurfel  (1969)  showed  that  of  all  the  subtests  of  the 
DAT  battery,  when  used  separately,  only  Numerical  Ability 
had  some  predictive  power  in  predicting  success  in  the 
Electronic  Technology  program  at  NAIT .  Price  (1971)  found 
that  it  was  not  possible  to  predict  the  success  of  students 
in  a  technology  program  on  the  basis  of  DAT  scores  alone. 

The  present  study  showed  that  selected  DAT  scores,  when  used 
with  other  predictors,  can  have  value  in  prediction. 

Similarly,  components  of  the  high  school  record  for 
vocational  students  were  not  significantly  related  to  the 
graduating  average  until  combined  in  a  prediction  equation. 

The  generally  high  correlation  coefficients  between 
components  of  the  high  school  record  showed  that  they  were 
measuring  much  the  same  quantity.  Further  evidence  of  this 


< 


. 


' 


52 


is  given  in  the  Analysis  of  Variance  Tables  VI  and  VII  which 
show  that  in  most  cases  there  was  no  significant  difference 
between  any  of  the  variables  used.  It  also  explains  the  small 
percent  of  variance  accounted  for  in  Table  VIII. 

If  this  study  had  been  concerned  with  finding  the 
best  combination  of  predictors,  the  high  correlation 
coefficients  between  high  school  Mathematics,  Physics,  and 
average  would  indicate  a  poor  selection  of  predictors. 

However,  this  study  dealt  primarily  with  the  relationship 
between  admission  requirements  and  success  in  the  program, 
and  thus  the  predictors  were  already  established. 

Perhaps  the  relationship  between  academic  studies  in 
high  school  and  success  in  the  Electronic  Technology  program 
is  recognized  by  students.  In  this  study  there  were  48 
pretechnology,  29  vocational,  and  97  academic  students. 

Of  the  eight  prediction  equations  developed,  six  were 
found  to  be  accurate,  giving  no  significant  difference 
between  observed  and  predicted  scores  at  the  .05  level. 

Table  XIV  shows  that  in  terms  of  the  probability  of  t,  the 
two  best  equations  were  the  five-predictor  equations  for  the 
vocational  and  academic  students.  The  results  for  vocational 
students  are  surprising.  As  stated  earlier.  Table  V  showed 
that  for  the  vocational  students  no  single  predictor  was 
significantly  related  to  success  in  the  technology  program, 
but  when  combined  to  form  a  prediction  equation,  they  were 
able  to  predict  with  considerable  accuracy. 
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The  two  prediction  equations  that  did  not  pass  the 
requirements  of  cross-validation  were  the  three-predictor 
equations  for  the  pretechnology  students  and  for  the  subsample 
as  a  whole.  A  t-test  showed  that  the  differences  in  the 
means  of  the  graduating  average  for  the  pretechnology  students 
used  in  prediction  and  cross-validation  were  not  significant, 
indicating  they  came  from  the  same  subsample.  The  same 
results  were  obtained  for  the  subsample  as  a  whole,  thus  the 
failure  of  the  two  prediction  equations  was  not  because  the 
prediction  and  cross-validation  subsaiaples  were  different. 

In  the  prediction  subsample  there  were  14  pretech¬ 
nology  students  who  wrote  the  DAT  tests  and  11  who  did  not. 

The  corresponding  numbers  in  the  cross-validation  subsample 
were  13  and  10.  It  is  suspected  that  the  differences  in  the 
records  between  pretechnology  students  who  wrote  and  those 
who  did  not  write  the  DAT  tests  were  the  reason  the  two 
equations  were  not  validated,  although  no  tests  were  made  to 
see  if  the  differences  were  significant. 

All  students  with  a  complete  high  school  record  were 
included  in  the  three-predictor  study,  whether  they  had 
written  the  DAT  tests  or  not,  on  the  assumption  that  prediction 
would  be  improved  with  the  use  of  large  numbers.  The  results 
now  indicate  that  a  better  study  would  have  resulted  if  only 
those  students  who  had  written  the  DAT  tests  were  included 
in  both  the  three-predictor  and  five-predictor  parts  of 
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Tables  II  and  III,  as  well  as  Tables  XXII  and  XXIII 
in  the  Appendix,  show  there  was  all-round  improvement  in  the 
performance  of  pretechnology  students  when  the  records  of 
those  without  DAT  scores  were  deleted.  This  suggests  that 
pretechnology  students  without  DAT  scores  are  students  who 
try  to  avoid  formal  evaluation  where  possible. 

This  study  showed  that  admission  to  the  Electronic 
Technology  program  is  rightly  based  on  the  completion  of  the 
high  school  diploma  or  its  equivalent,  with  a  specified 
standing  in  Mathematics  and  Science.  The  type  of  high  school 
preparation  is  not  significant. 

Lee  (1974)  conducted  a  study  on  Electronic  Technology 
students  at  the  Northern  Alberta  Institute  of  Technology  that 
was  similar  to  this  but  differed  from  it  in  several  impor¬ 
tant  respects.  His  study  was  concerned  with  the  influence 
of  high  school  Electronics  and  Electricity  on  performance 
in  each  of  the  two  years  of  the  technology  program,  the 
determination  of  the  best  single  predictor  for  success  in 
each  of  the  two  years,  and  the  establishment  of  prediction 
equations  for  each  year  using  the  best  combination  of  predic¬ 
tor  variables  from  the  high  school  record  and  the  two  DAT 
tests.  Lee  did  not  cross-validate  his  equations  nor  did  he 
specifically  differentiate  between  the  three  types  of  high 
school  preparation. 
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III.  RECOMMENDATIONS 

Unlike  most,  this  prediction  study  did  not  attempt 
to  find  the  best  set  of  predictors  for  success,  but  used 

data  from  the  high  school  record  representing  the  admission 
requirements  to  the  technology  program,  and  data  from  a 
standardized  aptitude  test  administered  by  the  Counseling 
Department  at  NAIT . 

It  is  recommended  that  any  study  directed  to  finding 
the  best  combination  of  independent  predictors  for  success 
in  the  Electronic  Technology  program  recognize  that: 

1.  High  school  Mathematics,  Physics  and  average  are 
closely  related  and  do  not  make  truly  independent  contribu¬ 
tions  to  prediction. 

2.  While  the  DAT  scores  in  themselves  may  not 
provide  a  useful  means  of  prediction,  they  can  be  useful 
when  employed  with  other  predictors. 

3.  To  ensure  accuracy  in  the  results,  only  those 
students  with  a  complete  record  should  be  included  in  the 
study. 

Although  this  study  showed  that  it  is  possible  to 
predict  the  success  of  students  in  this  program  on  the  basis 
of  the  high  school  record  and  DAT  scores,  other  factors  are 
involved.  This  was  indicated  by  the  relatively  low  percent 
of  variance  accounted  for.  It  is  recommended  that  a  study 
be  made  to  determine  what  these  other  factors  are, 
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particularly  those  relating  to  the  students'  attitudes  and 
personality. 

This  study  considered  only  those  students  who  suc¬ 
ceeded  in  the  program.  It  is  recommended  that  an  alternative 
study  consider  the  students  who  did  not  succeed  and,  in 
particular,  examine  the  attrition  rates  of  pretechnology, 
vocational,  and  academic  students  in  this  program. 

Finally,  it  is  recommended  that  those  associated 
with  admissions,  remedial  work,  and  high  school  counseling 
recognize  the  importance  of  high  school  Mathematics  as  a 
predictor  of  success  in  this  program. 
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PRETECHNOLOGY  STUDENT  RECORD  USED  IN  PREDICTION 
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See  Tables  II  and  III  for  the  means  and  standard  deviations 
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See  Tables  II  and  III  for  the  means  and  standard  deviations 
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fd  P  O 

3  0  P 

Tf  >  (D 

<d  <3  34 

P 
O 


ror'r-r^roLDrHrHrHCN^rroouDinrooNjfNit— loor-oor-iH 
p-y3^nrn£M£r'[^r'^Ln^vflkor'^^kor^in(X)Hinr^ 


Cp 

3 

I  i — I  -H 
fd  3  O 
Eh  ,Q  O  P 
<3  P  co  o 
Q  (D  id  O 
>  O  CO 

cd 


<^r"rorocN'^rinor'vx)CD'^i-iroromLn(N’^riH'^ 


fd  >i 

l  O  -P  o 
•h  -h  P 

Eh  p  rl  O 

<J(U-i-IO 
Q  £  JQ  CO 
3  C 

z 


cNojcor'VocNj(P(P<PMnvoHoHconinu5inr' 

rororocNrororororororororororofOrororororn 


£!  O 
CP  0 
•H  ,3 
tU  O 
CO 


O  -P 
Cn  3 
(d  O 
P  O 
O  P 
>  o 
<3  3i 


vxjr^-cNrOrHcp^cpocooocvjOiHcD^rorHooor^OLn 

vDCDr^-Lnr^LnvDr^vDCDCDv^r^voincov^r^r'r^cDLncoLn 


.3  O 
Cp  O 
•H  ,3 
K  O 
CO 


CO  -P 
O  3 
•H  O 
co  o 
>1  p 
.3  o 

34  34 


cN)MncjnoininvooomNMX)H(yio>ooHii)^ 

r^vDUD'x>r^-r^r^oomp''xir^r^'x>mvDCDOor^r^vor^^D'x> 


o 

O 

iH  -H  -P 
jC  o  -P  3 
cp  o  o  o 
•H  £  6  o 
as  o  o  p 

CO  3  O 
-P  34 
fd 

s 


^ocnfM^inMnmcNooHion^coo^corotNnvoco 

co>r'inr'inu5iv^p>u)cor'VOLnfoi>o^r^i^cDinr>'Co 


3 
O 
*H 
-P  -P 
3  fd  P 

o  o  o 

T3  -H  ,jQ 
3P  E 
-P  -H  3 
CO  P  2 
3 
O 
T) 

M 


co^coo\oHMn^infOMP(POHCM(P'3,invot^co(yi 

^cocovoi^r'r'r'i^r'p-r'i^r'oooocooooocococococo 


See  Tables  II  and  III  for  the  means  and  standard  deviations 
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& 

£  0  -P 

•h  Cn  c 

-P  fd  0 

fd  P  o 

3  Q)  P 

■3  >  0 

fd  <  04 

p 

o 


HM,M,P^HOOO^O>(N)H^Ot^OCTi0VOr^POOH'3' 

'x>0Pp0t^(Ninu)i^'x>inininpiruDin^,ir)vovD'D 


tr> 

3 

I  i — I  *H 
fd  £  0 
E-i  n  O  P 
<C  P  0  o 
Q  0  td  o 
>  0  w 

Dh 


(^rHOOfN^OOHcyi^HHCNOJ 

ro^nromro^roH^HHn 


fd  >i 
l  O  -P  0 
■H  -H  P 
Eh  P  <H  O 
<  0  -H  U 
Q  g  g  W 

2 


oo  oi  rotNHcomcoHnr^ooH 
oaojrocNoofororororocNrHro 


.£  O 

tn  o 

■H  r£ 

33  O 
W 


0  -P 
Cn  3 
fd  0 
P  O 
0  P 
>  0 
<  04 


HHcri^OfOHn^OOOOinOO(NOOHCO^^H(N 
^0000^^0000  0000000^0^1/110^1^00 


,£  O 

Cn  o 

*H  r£ 

a  u 
a 


0  -P 
U  £ 
•H  0 
0  O 
>i  P 
.£  0 
04  04 


oioujHnincN^oinwoi/UDvoMnino^oocN 


0 

u 

■H  4-> 


r£  O  -P 

!J1  o  fd 
■H^  g 
a  u  0 
a  a 


3 

0 

o 

p 

0 


-P  04 
fd 

a 


LDiHr'inr-r^r^-rsirocNor^r^t^cnr^oooDCNpH^oir^ 

^00000000100000000^000^1^ 
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O 
•H 
-P  -P 
0  0  P 
0  U  0 
TJ  -H  ,D 
dp  E 
-P  -H  3 

a  -p  a 
g 
0 
tj 

M 


HMoi^0ooiv-0oioH(N(vi'i'0uir^0aiOH(Nn 

r-H  I — I  i — I  I — Ir-Hi — I  I — !r— li — I  i — ICNCNJCNCN 


See  Tables  XXII  and  XXIII  for  the  means  and  standard  deviations 


VOCATIONAL  STUDENT  RECORD  USED  IN  CROSS-VALIDATION 


68 


Cn 

G  <13  -P 

•h  Cn  G 

-P  o3  <u 

03  P  U 

3  0  P 

03  >  0) 

03  <C  Oh 

P 
O 


looocn^oo^oo  lo  lo  lo 
puj^r'inifiPLnr^r'iriLninin 


Cn 

G 

I  i — I  -H 
03  G  03 
Eh  O  P 
<  P  cn  O 
Q  <D  03  U 
>  <D  CO 

pc* 


LnrH'=j,cMLnr-)moin'5j,:or^ 
(Nom^nomron  cnh  cm 


03  >i 

I  U  -P  03 
•H  -H  P 
Eh  O 
C  Q)  -H  O 
Q  £  £j  cn 

£ 


inr^HLnaunininai  cm  co 
moinoHNfOHfon  cm  ro  ro 


w 

c 

o 

•H 

•P 

o3 

■H 

> 

0) 

03 


.G  O 
Cn  O 
■H  ,G 
EC  U 
C/3 


Q)  -P 
Cn  C 
o3  Q) 
P  O 
03  P 
>  03 
<C  PL* 


03 

P 

03 

03 

G 

03 

Loo'iCNCNr-coLoocri  cn  <r>  co  r-n  -P 

'Xiinr-r'LnuoMDMDMD  coco  p  in  m  cn 

o3 

g 

oJ 


.G  O 
Cn  o 
•h  xi 
x  u 

c/3 


cn  -P 

u  g 
•p  cu 
cn  o 
>i  P 
si  (13 
Oh  CP 


03 

G 

03 

M’ooioHOMninoonoino  a) 
cococncocooocoiooo  cor"  in  in  in  g 

(13 

£ 

-p 


cn 

u 

rH  -H  -P 

X  O  -p  G 
Cn  O  03  03 
•r|  ,C  6  (3 
EC  0  03  P 
CQ  ,G  03 
•P  Oh 
03 
£ 


P 

O 

MH 

H 

M 

cMooMioooinioM,no(Nin  h 
Lnr''Cor"cor-'Oor'-co  co  co  r-  uo  X 

X 

03 

G 

03 


G 
O 
•H 
-P  -P 
G  03  P 

Qj  u  a) 
03  -h  n 
G  M-i  g 
-P  -H  G 
cn  - ps 
G 
03 
03 
M 


H 

H 

X 

X 

03 

0) 


M'iniOhCOtTiOr- ICN  CO  LO  CD  r"  Xi 
CMCMCMCMCMCNcororororororoco  o3 

Eh 


d) 

03 

C/3 


' 


. 
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tr> 

CO)  -P 

•h  cn  a 

•P  <d  0 

(d  P  U 

3  0  P 

Tf  >  0 

(d  <3  CM 

P 
O 


^rHn^oooroor^ocNOOO’^rm^ooovDroooorHCNj 

vDvDuxxir'r^^Dr^cor'VoujkOin'DcovoinDUJ^Dinvo^ 


2 

O 

H 

Eh 

< 

Q 

H 

PI 

< 

> 

I 

01 

01 

o 

3 

u 


tJ' 

c 

I  i — I  *H 
jQ  C  (D 

E-<  fd  O  P  WVD^^tNCTlOOHnOJlO^hOvlOJMSrOOjnOliHD^ 

C  p  U)  O  rororo-^^csjrO'^'^rrororO'^rorO'^rO'^’^'^rocN'^rro 

Q  0  (d  O 

>  (U  01 

3 


fd  >, 

i  u  -p  <u 
•H  -H  P 
B  P  H  O 
<3  0  -H  U 

q  e  g  oi 

3 


o-r-cokDooLncNiOLOoo^r'^fNcor'Ln^D^'^ainu)^) 

rorororopororomrocNrororororororororororororooj 


H 


H 

PI 

cq 

< 

H 


3 

H 

Q 

W 

01 

D 

Q 

3 

O 

U 

w 

3 

Eh 

3 

W 

Q 

D 

Eh 

01 


3  o 

tn  O 
•H  3 
3  O 
01 


a)  -p 

cn  c 
(d  0 
p  o 
0  P 
>  0 

<  3 


oor'fOCNromvccocN^noDH^vDCNHro^ooinh 

P)'P)Ln'jD'P>r^min^vx)Ln'P>in'P)uit^r^r'r'P>v£)ir>vDV£) 


3  O 
tn  O 
•H  3 
3  O 
3 


U1  4-> 
O  C 
•H  0 
M  O 
>i  P 
3  0 
3  CM 


rorgr^(Nr^^ocorHrofMO(NOCN<NLni-Ha>rO'?rcN'^^r^ 

[^vo^u3ir)00ini^r'VDts'U)(X)P)incor'Lnoo(£)r^ro'py5 


U 

H 

s 

3 

Q 

<3 

U 

< 


U) 

o 

rH  -H  -P 

3  O  -P  C 
tr>  O  (d  0 
•hp  e  o 

3  U  <D  P 
01  3  0 
•P  3 
(d 
3 


kDHin^nLncr»r^^r'Hn(NU5ir)ocoo(Ncri(T\CNjimD 

vovo'x>voinr^inm'P>'P>'P)LnLnMD'^oor^r^ooinvDu3V£)'P) 


C 

O 

•H 

-p  -p 
c  <d  p 
0  U  0 
■73  -H  3 
P  MH  g 

p-h  d 
01  4->  3 
G 
0 
id 
H 


comoH(Nn^Ln^r'CX)(TiOHMnM,inu)Mxicr>oH 

roro^'^^^'^^^Tr'^^inLniriLninininiriLninvD0 
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no  -p 

•h  tn  g 

-P  rC  0 

fO  u  o 

d  0)  u 

T5  >  <U 

<T3  <C 
U 

u 
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TrfNOLnoooocofMroovo^rrooocNoO'^'<^rco'4DVDCMV£» 

vx>r^r^oor^r^r^vi)mr'r^vor^t^'43r^inr^^'X)r^r^vDvD 


Cn 

G 

1 

rH 

•H 

fO 

G 

0 

Eh  n 

0 

U 

<c 

u 

0 

0 

Q 

0 

0 

o 

> 

0 

in 

K 

^rooorooo-^Lororor-voLnrHUD'sDrorrr^rOiHro 

roro^i<'3,ro'^,’Nrn'sf'^'^^’<4,roro^ro^f\3ro,^r 


I — 1 

0  >1 

i 

O  4-> 

0 

■H  -H 

U 

Eh 

G  rH 

O 

< 

0  -H 

O 

Q 

e  & 

V) 

G  <C 

2 

Hiooo^'^ooinnocN^vocooM^coixx^rovDr' 

romnnronnroronnnncMnncMrororon 


XI  O 
Cn  O 
•H  ,G 
K  O 
W 


(U  4-1 

Cn  c 
fd  CD 

P  o 
0  P 
>  0 
<c  P-4 


ooMfiLnHai^oHconnoon^oini^'XXNooc'iHo^ 

iri'X)vx)c^vx)'43ir)'4Dr^mv£)'4?r^v£>LnvDvovD'^)'4Dr^r^^’<^ 


.G  O 
Cn  O 
•H  ,G 
K  O 
W 


0  4J 
o  g 

•H  0 
0  O 
>i  H 

.G  0 

CU  04 


rHO'X>'43(N'sDOLnroro^Lnoor^oor^orOrH<NorM,H 

vx>oo'x>r^r'r^v£»Ln^mmvocor^LOM3'43'x>'43vor^crtvijLn 


0 

o 

■H  4-> 
H  41  C 
4!  O  (3  0 
Cn  o  g  O 
•h  J3  0  P 

K  O  £  0 
0  41  ft 
0 
g 


ocNoooocN<v)cnr''X)inLnrHro'43^'x»a^ror^cN'^,’^Ln 

0r^^0vor'0U)'4>0^MDn-u300U30n'r'r'OT0^' 


G 

o 

4-1  *H 
G  4-1 

0  rd  P 
^00 
G  -H  ,g 

4->  M-l  g 

W  -H  G 
4->  2 
G 
0 
TJ 
M 


cMro^rLnvor'Oocnoi— lojro^mvor^oocnoi— icNro^rm 
vDvr)vovo'x>vD^ovDr'r^r'r^r^r^r^r^r-r^oococx>oocooo 


See  Tables  XXII  and  XXIII  for  the  means  and  standard  deviations 
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W 

fa 

Eh 

fa 

O 

w 

pi 

Q 

fa 

a 

a 

<c 

CO 

CO 

fa 

w 

D 

PI 

CO 

fa 

< 

2 

H 

O 

fa 

H 

< 

Eh 

> 

< 

Q 

Pi! 

H 

O 

PI 

Eh 

< 

U 

> 

H 

1 

Q 

CO 

w 

CO 

2 

o 

fa 

fa 

u 

w 

fa 

H 

§ 

fa 

H 

w 

Eh 

X 

Eh 

X 

fa 

W 

O 

w 

fa 

fa 

P3 

Eh 

fa 

%» 

< 

fa 

fa 

tH 

O 

o 

CO 

Si 

2 

fa 
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> 

H 

< 

Eh 

C 

o 

H 

fa 

> 

H 

fa 

Eh 

Q 

< 

P 

Q 

Q 

fa 

<d 

c 

fa 

Q 

o 

2 

C 

Eh 

fa 

CO 

o 

H 

Q 

fa 

a 

fa 

< 

Eh 

H 

CO 

fa 

a 

U 

< 

fd 

-P 

O 

H 


Q 

CO 


G 

fd 


O 

•H 

g 

0 

pj 

fd 

o 

< 


Q 


G 

fd 

<1) 

a 


rH 

fd 

g 

o 

•H 

-P 

fd 

u 

o 

> 


Q 

CO 


G 

fd 


IT) 

in 

O 

l — 1 

O 

00 
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o 

• 

• 

• 

• 

o 

rH 

o 

i— 1 

o\ 

nr 

nr 

CO 

CM 

• 

t 
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CO 

r" 

LO 

nr 

CO 

CO 

CO 

CD 

rH 

CO 

nr 

o 

i — 1 

CO 

00 

CN 

• 

• 

• 

• 

<T\ 
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rH 

CO 
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CD 

nr 

LO 

<N 

• 

• 

• 
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in 

CO 

co 

co 

CO 

CO 

o 
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f" 

rH 
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• 

00 
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CO 
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CO 

CO 

LO 

co 
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td 
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0 
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a) 
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•H 
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p 
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0 

(d 

-P 

rH 

-p 
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p 

PI 

fd 
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PI 
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> 
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> 
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fd 
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O 
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MEANS  AND  STANDARD  DEVIATIONS  OF  THE  FIVE  PREDICTOR  VARIABLES  AND  OF  THE 
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